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| Workshop Goals and Outline
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TEAM is important for nanoscience research facilities.

Can we provide remote access for NSRC users?
Establish access portals at 5 nanoscience centers.

Limiting factors

— Bandwidth (ESnet)

— Security (National Labs)

— Infrastructure (NSRCs)
Scientific needs

— Discuss scientific opportunities

— Establish modes of operation
Types of experiment

— Follow-up to on-site visit (familiarity with instrument
essential)

— Data-taking (image sequence, TFS, kinetics,
standard tomography, spectrum imaging,...)

Logistics (proposal process, scheduling, local
support,...)

Mechanics (control interface, protocols,...)

Workshop structure

Whatis TEAM
Background + Overview

Scientific needs and
capabilities atNSRCs and
partner labs

Instrument operation,
software, stages and
support

Remote operations
Networks, data transfer
Howto make it real
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Welcome, TEAM overview and workshop goals ... Ul Dahmen

TEAM proyact BIOTS it s A T s Peter Denes
CNMS overview and needs for advanced microscopy ............. Linda Horton
COFFEE

Foundry overview and needs for advanced microscopy......... Jim De Yoreo
Electron microscopy and nano-science at ANL: new opportunities through
TEAM .ttt s s st e s e s et be s et Dean Miller
In situ electron microscopy enabled by a TEM-SPM platform ar CINT
................................................................................................. Jianyu Huang
Overview and needs for electron microscopy at CFN ... Lihua Zhang
LUNCH

The SHaRE user facility and microscopy at ORNL ................... Karren More
TEAM stage: opportunities for in-sitit Microscopy....................1van Petrov
TEAM stage: prospecis for remote operations..................... Thomas Duden

Driving TEAM remotelv: operations, alignments, feasibilitv......... Rolf Ermi
COFFEE and TEAM VISIT
TEAM SOftWAFE ......oooevvecriineevisnrannsesissesnsnnns Quentin Ramasse/Earl Comell

Practical aspects and requirements af remote microscopy operation for

research oriented applications................ccocceneene..... Masashi Watanabe
Remote microscapy @t FEL..........c.coiiiviniciivisiivinaansisisenns Auke van Balen
cseeseness NESTOr Zaluzec
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\|] DOE user facility for electron microscopy

BERKELEY LADR

* Free access controlled
by external Proposal
Review Committee

~250 users per year
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\\‘ Significant achievements in materials science
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+ New materials
MNanotubes

= + Phase transformations
Quasicrystals

* Defects
; Fr——-?l Strength of crystals

LT

Electron microscopy is an integral
part of the discovery and
development of new materials.

H50% of all materials research
utilizes TEM.

Future opportunities such as

« 3D atomic resolution,

* in-situ probing of individual
nanostructures,

+ ultrafast dynamics,

+ hard/soft matter composites....

However, instrument performance remains limited by lens aberrations...
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Historical Perspective

Why now?

1920

1960

2000 2040

A breakthrough in electron optics
removes the barrier that has
limited the performance of the

electron microscope since its
invention.

Ssimultaneous advances in
computers, electronics,
detectors....

Nanoscience and technology
centers need atomic-level
characterization.

Aberration correction key to
nanomaterials research.
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significant events
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Discovery of the electron -
Thompson

Wave nature of electrons -
de Broglie

Electron microscope -
Knoll, Ruska

First commercial TEM -
Siemens, Halske
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F\I Defects in Materials

"\\‘ Recent history of TEM's growing role

BERKELEY LADR
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Evolution of technique, instrumentation, challenges
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"It would be very easy to make an analysis of any complicated chemical
substance,; all one would have to do would be to look at it and see where

the atoms are. The only trouble is that the electron microscope is one
hundred times too poor ... I put this out as a challenge: Is there no way

to make the electron microscope more powerful?”

— Richard P. Feynman, 1959,
"There’s Plenty of Room at the Bottom”
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Transmission Electron Aberration-corrected Microscope NCEMDE

A collaborative project to develop the next-generation electron microscope.

Multiple partners, led by NCEM.
First instrument installed in Berkeley in December 2007.

Unprecedented scientific opportunities for observing the atomic-scale order,
electronic structure and dynamics of
individual nanostructures ...



: | What Does Aberration Correction Buy?
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Involvement of the scientific community

« 2000 Stringer BESAC Panel Review endorsement of TEAM “ision document”
«  1T*TEAM Workshop at AML July 2000
. 2™ TEAM Workshop at LBNL July 2002
«  IYTEAMworkshop
— MSA San Antonio, August 2003

4" TEAMworkshop / Focused Interest Group «  Scientific A{]ﬂsﬂw Committee
— MS3ASavannah, August 2004 » G.B. Carter, U Minnesota
. In-situ TEAM workshop, J.A. Eades, Lehigh
—  F5-MRL, Ningis, July 2005 J. Silcox, Cornell
+  TEAMsymposium J.C.H. Spence, ASU

—  MSAHonolulu, August 2005 * R Tromp, IBM
. MSA 2006, 2007, AVS 2007, MRS 2007 ...
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Extraordinary scientific opportunities by direct observation of
individual nanostructures

« three-dimensional atomic-scale structure, shape, and defect
distribution

« spectroscopic identification and location of individual dopant
atoms

« direct imaging of the atomic-scale structure of glasses

« electronic structure of individual point defects
+ non-spherical charge density and valence electron distribution
« in-situ synthesis of novel nanoscale structures

— e.g., electron-beam lithographic removal of atomic columns

* in-situ observation of properties and response to external
variables

— temperature, stress, chemical activity, and applied electric
and magnetic fields...

... all with unprecedented spatial, spectral & temporal resolution



FEG

Monochromator
Condenser

C, corrector

Objective lens

and stage
gap 5mm, £70° tilt

C. and C_ corrector

Energy filter

Projectors
Fast CCD system



F'*\] . Parallel Technological Developments
A stepwise integration 2006-09

ERKEECLLY LAR
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CEOS & ORNL: FEI;
STEM + C_-correction Titan column,

High-brightness FEG, LBNL 2009
. sample exchange

M \,‘ .
. LBNL + UIUC: g H

m Stage design
CEOS & ANL:

C-correction }
LBNL:

|
Double C.-correction ! 1




’_\] ~ TEAM Stage

i
| | 9-axis, in-column, piezo-stage

MEEC-
A. Schmid, T. Duden, NCEM + E. Olson |. Petrov, FS-MRL UIUC
— Design inspired by AFM Capacitive Position Sensing
— Small, high stiffness, high — Absolute measurement

resonance frequency
— Piezo-controllers
— No link to environment

— No ‘'homing’ necessary.
— Precision to a few nm

Enabling special experiments
—  Tomography
— Focal series
— Sample scan
—  Spectroscopy
— Low-dose ...




\I TEAM on Track

a whistlestop on DOE's Roadmap for the Future of Science...

BrREcLey Lao s

Facilities
for the Future
of Science

A Twanhy-Year Ouilook

EFIEH_I]}‘.

TEAM is a small project but TEAM 0.5 has met its major milestones ahead of schedule -

impgnam in the big pir::ture of DOE - 0 5A information transferin TEM and STEM,
: * 0.1eV energy spread.
plans for the future of science.
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F\M TEAM 0.5 Performance in STEM
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Depth Sectioning Tomography

Convergence angle reduces depth of focus

0 nm

HAADF depth series of (Pt,
Ru) catalyst on y-Al,O,.

Vacuum

Ge substrate

% 1 nm EESCCRR,

Imaging a buried interface in Au bicrystal - TEAM 0.5

Borisevic, Lupini, Pennyoook, PNAS 2006 Kisielowski, Emni, van Lin et al.

Nellist et al. APL 2006



TEAM 0.5

atomic structure of 90° <110> tilt boundary in Au
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STEM focal series

.
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TEAM 0.5 resolves Li atoms in core-
shell precipitates in TEM mode,

5] (5 H) i8] ]

[1H]

[51]
Uub LA Uug Uup Uuk Duas  UDes

Sensitivity to Sc, Zr and depth
resolution in STEM mode.

Resolving Li in Al-(Li,Sc,Zr) Alloy
V. Radmilovic, M. Rossell, R. Erni
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Single and bi-layer graphene

Point-defect:
Single layer areas adatom

Bi-layer areas

J. Meyer, R. Erni,
C. Kisielowski, 2008



TEAM 0.5

_______
C. Kisielowski, 2008
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TEAM is meeting performance goals and is on track to open for
user operations.

« Opportunities and scenarios for research via remote
access to TEAM.

« Individual experience/interest in remote operation.

« Compatibility of remote control with different techniques of
microscopy.

« Software, hardware and support requirements.

* Overview ESnet.
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